Objective-To examine the impact of a weight loss intervention that focused on daily selfweighing for self-monitoring as compared to a delayed control group among 91 overweight adults.
Introduction
Recent estimates indicate that 69% of Americans are overweight or obese. (1) This has major implications for the incidence and prevalence of chronic diseases such as heart disease and diabetes, (2) as well as some cancers.(3) Evidence indicates that even 5-10% weight losses can reduce risk factors for these diseases.(4&6) Standard behavioral weight loss interventions that include frequent face-to-face interactions with a trained weight loss counselor and detailed self-monitoring of diet and physical activity behaviors produce on average about 7-10% weight loss after 6-12 months,(7&9) however, the intensive nature of these interventions limits their potential for dissemination. This indicates a need for effective, lower intensity programs that reduce the burden of frequent face-to-face contacts and increases the potential for broader public health impact and reach.
One of the most effective strategies within most weight loss interventions is self-monitoring of diet, physical activity, and weight. (10, 11) Self-monitoring provides personal accountability and allows for greater awareness of how behaviors are impacting weight. (12) The mechanism of self-monitoring is suggested by Kanfer's Model of self-regulation: selfmonitoring provides feedback that allows for greater awareness, which can lead to greater self-efficacy, self-control, and self-initiated reinforcement. (13) Kanfer posits that individuals self-evaluate by comparing the feedback to the performance criterion, which allows for a judgment to be made that either results in positive or negative reinforcement of behaviors. (14, 15) Despite being effective and theoretically grounded, detailed self-monitoring of diet and physical activity behaviors is difficult to sustain. Burke and colleagues found that adherence to self-monitoring protocols declines dramatically over time during participation in a behavioral treatment program for weight loss. (16, 17) Furthermore, qualitative evidence indicates that the labor intensive nature of self-monitoring leads to feelings of being overwhelmed, frustrated, and defeated. (18) Given poor adherence, a need exists for interventions that test simple and sustainable types of self-monitoring strategies.
Self-weighing is a simple self-monitoring behavior that has been shown to be useful for selfregulation of body weight. (19) Self-weighing provides feedback suggestive of how eating and exercise behaviors are impacting weight, and acts as a tool to allow individuals to make small adjustments to these behaviors to affect energy balance. Based on self-regulation theory, daily weighing is optimal over less frequent weighing because the feedback is more proximal, making it easier to attribute changes in weight to specific diet and physical activity behaviors. This allows for better self-regulation as small changes in body weight can be identified and resolved, likely leading to greater self-efficacy and empowerment over one's ability to regulate their body weight.(20 A recent review of the self-weighing literature indicates that daily self-weighing is associated with greater weight loss compared to less frequent weighing. (21) The seminal study by Linde and colleagues found that individuals who reported daily self-weighing saw a significantly greater reduction in body mass index compared to those who reported weekly or never weighing. (22) Welsh and colleagues also examined the impact of self-weighing on weight loss post hoc within a phone-based weight loss intervention and found a similar dose response pattern.(23) These results suggest that daily self-weighing may be an effective selfmonitoring strategy.
These studies examined the impact of daily weighing post hoc, which does not allow for strong control of the potential differences between those that chose to weigh daily and those that chose to weigh less often. Furthermore, a retrospective self-report measure of selfweighing frequency was used, which may have introduced systematic recall bias. Experimental evidence does indicate that daily self-weighing is effective for self-regulation of body weight during weight loss maintenance.(24) However, there is limited experimental evidence examining whether daily self-weighing is effective for weight loss, particularly when coupled with an intervention that does not include other forms of self-monitoring (25, 26) The purpose of the WEIGH Study (Weighing Everyday to Improve and Gain Health) was to improve on previous evidence and test whether an intervention focusing on daily selfweighing as the main self-monitoring strategy can produce significantly greater weight loss compared to a delayed intervention control group. In order to test a lower intensity approach that emphasized daily self-weighing, we included no regular face-to-face contact, relied solely on tailored feedback, and did not emphasize self-monitoring of diet and physical activity behaviors. An objective measure of self-weighing frequency was utilized to provide an accurate assessment of this behavior. We hypothesized that the group receiving the intervention would have greater percent weight loss at 3 and 6 months compared to a delayed control group, as well as more positive changes in diet and physical activity behaviors.
Methods

Participants
Inclusion criteria included men and women ages 18-60 with a body mass index (BMI) between 25-40 kg/m 2 and a maximum weight of 330 lbs. (the maximum weight allowable on the scales provided). Participants were also required to have access to the Internet to allow for weight tracking. Exclusion criteria included having a pre-existing medical condition (myocardial infarction within the past 2 years, cancer diagnosis (non-skin) within the past 5 years, uncontrolled high blood pressure, unstable thyroid disease, current treatment for psychiatric disorder other than depression, hospitalization for depression within the past year, or history of eating disorder), pregnant or nursing within the past 6 months or planning to become pregnant, currently undergoing treatment for substance abuse, or planning to move out of the area. Individuals were also excluded if, within the past 6 months, they participated in a structured weight-loss program or lost and kept off at least 10 lbs. of their body weight.
Recruitment
Participants were recruited via 1) an advertisement on a university listserv, 2) flyers posted around UNC Chapel Hill, and 3) flyers posted in medical offices in the Chapel Hill, NC area. Those who were eligible and interested were invited to an orientation session where they were provided with more details about the study and informed consent was obtained. Baseline measures were obtained prior to randomization being revealed to participants by blinded evaluation staff. Data were collected between February 2011 and November 2011 in Chapel Hill, NC. The University of North Carolina at Chapel Hill Institutional Review Board approved and monitored the study. Participants received $25 as an incentive for completion of follow-up assessments at 3 and 6 months.
Study Design and Intervention Description
Participants were randomized to one of two treatment groups (Figure 1 ): An intervention group or a delayed intervention control group. The 6-month intervention consisted of 4 main components: (1) cellular-connected "smart" scales for daily weighing; (2) web-based graph of weight trends overtime; (3) weekly tailored feedback via email on self-weighing frequency and weight loss progress; and (4) 22 weekly lessons on behavioral weight control via email. Intervention participants were instructed to weigh daily at the same time each day using the smart scales. The smart scale displayed current weight and sent it directly to a website (www.bodytrace.com) via the wireless cellular network. The scales did not rely on an individual's cell service, but rather were connected to the Bodytrace website via a separate cell service embedded in the scales. This allowed participants to use the scales in any location that had cell service. Participants were able to view on the website a graph of weight trends overtime.
Weight and weighing data were accessible for each participant using a separate researcher interface. Each week a research assistant collected data on how often the participant weighed and their average and weekly weight loss. An algorithm was used to provide tailored feedback to each participant with the expected rate of weight loss at 0.5 lbs. per week and the expected self-weighing frequency at 6-7 days per week. Participants were placed in one of four categories each week based on their self-weighing frequency over the past week and average weight loss per week. They received messages and recommended strategies appropriate for that category. Participants who weighed daily and were losing at least 0.5 lbs. per week on average received feedback messages reinforcing their current behaviors.. Conversely, for those who were not losing weight or weighing daily, the emails included more specific strategies for adopting daily weighing and making changes to diet and physical activity behaviors.
Initially, participants attended a group session that included measurement of baseline weight, procurement of smart scales, and a 30-minute discussion about calorie balance. The weekly emailed lessons on behavioral weight control provided further skills training strategies for making changes to diet and physical activity behaviors. The lessons were initially derived from the Diabetes Prevention Program (27) and adapted from other online and face-to-face weight loss interventions(28&30) to be tailored to the goals of this study. Lessons were both informational and behavioral, and included topics such as portion control, restaurant eating, structured exercise, problem solving, stimulus control, and relapse prevention. Participants were not encouraged to self-monitor diet and exercise, but were provided with information about energy balance for weight loss. Specifically, participants were instructed to utilize the scale to determine if they should make adjustments to caloric intake and energy expenditure to achieve weight loss. In order to achieve weight loss, they were provided with recommendations to decrease their calories to an appropriate level (1200-1500 calories per day) and gradually increase physical activity overtime towards the goal 150-200 minutes of moderate-intensity exercise per week. Examples of caloriecontrolled meal plans were also provided to further help guide food choices. The skills training and other feedback were included to insure that participants were well equipped to be able to make the behavior changes necessary for weight loss using the scale to guide their choices. After the study was complete, intervention group participants were followed up 3 months later (at 9 months) to assess short-term weight loss maintenance. During this maintenance period, intervention participants retained the smart scales but were provided with no further feedback or lessons.
The delayed intervention control group was also provided with the scales at baseline for evaluation purposes only and instructed to maintain their current self-weighing habits. Control group participants received no intervention during the study period and were provided with a modified version of the program after 6 months. They were blinded to the focus of daily weighing during the 6-month period.
Measures
Demographics-At baseline, a variety of demographic variables were collected to help characterize the sample including age, gender, race/ethnicity, education, marital status, occupation status, and comorbidities.
Anthropometrics-Height was collected at baseline using a wall-mounted stadiometer. Weight was measured to the nearest 0.2 lbs. using a digital scale wearing light clothes and no shoes at baseline, 3, and 6 months in the study center clinic. At 9 months, in order to assess maintenance effects within the intervention group, smart scale data were used to obtain an objective measure of weight after a 3-month period of no intervention.
Frequency of weighing-Self-weighing frequency was measured objectively in both groups via the smart scales throughout the 6-month study period. There were some technical problems with the scales that arose because of the reliance on cellular service to provide an objective measure of self-weighing frequency. However, such problems occurred in a small number of participants (n=4), and they were able find alternative places to weigh (e.g., work) to provide an objective measure of self-weighing frequency. Between 6-9 months, objective data on self-weighing frequency were obtained from intervention participants only. For those without data, we conservatively assumed that participants were not self-weighing.
Diet-Caloric intake was measured via two, 24-hour recalls on one weekday and one weekend day using the Automated Self-Administered 24-Hour Dietary Recall (ASA-24) from the National Cancer Institute (NCI) at baseline, 3 and 6 months.(31) Intervieweradministered 24-hour recalls have been shown to be a good estimate of changes in caloric intake using the automated multiple-pass method.(32 Physical Activity-At baseline, 3, and 6 months, exercise habits were assessed using the Paffenbarger Exercise Habits Questionnaire, which captures leisure time physical activity. Data were analyzed as energy expenditure from leisure time physical activity per week. (33) This questionnaire has moderate to high reliability, (34) and has been used in previous weight loss interventions to assess changes in physical activity.(35 Daily Self-weighing Perceptions-Within the intervention group, perceptions about daily self-weighing were assessed at 6 months via a questionnaire that was used in a previous daily self-weighing intervention for weight gain prevention.(36) Using an 8-point scale, where 8 was most favorable and 1 most unfavorable, participants were asked whether they found daily self-weighing to be easy to do, easy to remember, helpful, positive, and whether they were likely to continue doing it after completion of the study. Additionally, using a reverse-scored 8-point scale, participants were asked whether they found this behavior to be frustrating, anxiety provoking, or made them feel self-conscious. Average scores at 6 months were calculated. 
Statistical Analysis
Chi-square tests and one-way ANOVAs were conducted to compare differences in baseline characteristics. Intent-to-treat analyses using linear mixed models with random intercept and maximum likelihood estimates were conducted to examine the effect of treatment on weight loss and behavioral outcomes between groups over time. Separate models for the different outcomes were conducted looking at the effects of time within each group, group effects, and group by time interactions. All participants were included in the analyses with the assumption that any missing values were missing at random. Bonferroni corrections were included to account for multiple time point comparisons. Percent weight loss was used as the primary outcome variable to account for baseline weight. ANOVA was used to look at other continuous outcomes and chi-square tests were used to look at differences in dichotomous measures. Transformations were conducted for variables that did not meet the assumptions of normality. Caloric expenditure from physical activity was the only variable that required a natural log transformation. Raw means are presented with statistical tests performed using the transformed data. Analyses were conducted using SPSS for Mac (Version 19, Chicago, IL). A cut-off value of alpha <0.05 was used to assess statistical significance. Figure 1 outlines the study enrollment and retention. A total of 326 potential participants were screened online and by phone and 135 were invited to an orientation session. Of those, 38 did not attend and 6 decided not to participate. As a result, 91 participants were randomized to the intervention group (n=47) or a delayed intervention control group (n=44). Participant retention for the primary dependent variable of percent weight loss was 98% at 3 months and 96% at 6 months with no differences between groups (3 months: p=.50; 6 months: p=1.00). Retention at 9 months was 96% for weight loss using smart scale data (intervention group only). Table 1 highlights the baseline characteristics across study groups. On average, participants were 44±11 years old, obese (BMI: 32.15± 3.8kg/m 2 ) with an average weight of 90.5±15.2kg, female (75%), White (74%), college-educated (78%), and married (60%). About half the sample (46%) reported weighing less than weekly, 35% reported weighing weekly and 18% reported weighing daily over the past 3 months. About half of the sample reported any self-monitoring of diet less than half the time, and 83% reported any selfmonitoring of physical activity less than half the time over the past 3 months. Baseline characteristics did not differ between groups on any variable with the exception of baseline weight (p=.008) and baseline BMI (p=.006), with the intervention group having higher average baseline weight and BMI. This difference was accounted for in the analysis by using percent weight loss as the main outcome variable. Figure 2 shows the average self-weighing frequency over time by study group using data derived from the smart scales. Over the 6-month study period, the intervention group selfweighed on average more days per week compared to the control group (6.1±1.1 vs. 1.1±1.5; p<.0001). Using all available data between 6-9 months, the intervention group selfweighed on average 4.0 ± 2.3 days per week, which is a significant decrease over time from the 6-month intervention period (p<.001). Regarding the percentage of intervention participants achieving self-weighing thresholds, 57% weighed on average 5 days or more per week and 6 participants (12.8%) had zero weights recorded during 6-9 months.
Results
Enrollment and Retention
Baseline Characteristics
Self-weighing Frequency
Weight Change
Weight loss over the study period was significantly different between groups (Figure 3) . The intervention group lost on average more weight compared to the delayed control group at both 3 and 6 months [3 months: Mean (95%CI): −4.41%(−5.5, −3.3) vs. −0.37%(−1.5, .76); 6 months: Mean (95%CI): −6.55%(−7.7, −5.4) vs. −0.35%(−1.5, .79); group×time interaction: p<.001 at both time points]. Furthermore, a greater percentage of the intervention group achieved 5% (42.6% vs. 6.8%; p<.0001) and 10% (27.7% vs. 0%; p<. 0001) weight loss at 6 months.
Using spearman correlation coefficients, smart scale weight data were strongly correlated with in-clinic weight data at both 3 and 6 months (3 months: r=.94, p<.001; 6 months r=.93, p<.001). Change in weight from baseline to the 9-month follow-up (using smart scale data) in the intervention group was −7.10% ± 8.55%, and was −0.92% ± 3.32% between 6 and 9 months (during which time, the intervention group received no feedback or lessons). 
Diet and Physical Activity Behaviors
Perceptions of Daily Self-weighing
At 6 months, daily self-weighing was perceived positively within the intervention group. On average, participants felt that daily self-weighing was easy to do (6.9±1.5), easy to remember (7.2±1.2), helpful (6.9±1.6), positive (6.3±1.9) and they were likely to continue doing it after completion of the study (6.6±2.1). On average, they reported low scores for whether they found this behavior to be frustrating (2.4±1.6), anxiety provoking (3.1±1.8), or made them feel self-conscious (3.2±2.0).
Discussion
We found that a lower intensity weight loss intervention that focused on daily self-weighing as the main self-monitoring strategy and also included emailed tailored feedback and skills training with no regular face-to face-contact or focus on self-monitoring of diet and physical activity behaviors produced clinically significant weight losses of 6.13 kg on average, as well as reductions in caloric intake after 6 months. Including an objective measure of selfweighing allowed for a robust assessment of self-weighing frequency and a greater understanding of the feasibility of daily self-weighing. Participants adhered to the daily selfweighing prescription and reported positive responses, indicating that daily weighing is a behavior that will likely continue to be used for self-monitoring. Other studies that included daily weighing for weight control have found similar positive responses. (36, 37) Previous weight loss trials that included daily self-weighing as a part of a comprehensive behavioral weight loss intervention have found similar effects as our study. Gokee-LaRose and colleagues examined the impact of an intensive behavioral self-regulation program that included daily self-weighing, weekly group sessions with a trained weight loss counselor, and instruction to self-monitor diet and physical activity behaviors. This group lost on average 6.5±5.5 kgs. after 20 weeks.(25) Our study found similar weight losses but tested a lower intensity approach that focused on daily weighing as the main self-monitoring strategy with no inclusion of face-to-face group sessions or detailed monitoring of diet and physical activity behaviors.
The 'Weigh by Day' trial examined the impact of a weight loss intervention that included telephone-based counseling with a home-based weight tele-monitoring system that was used to provide individualized feedback regarding progress during counseling calls compared to a delayed start control group. Participants were encouraged to daily weigh, as well as selfmonitor diet and physical activity behaviors. Intervention participants lost on average 3.4±0.6 kgs. after 6 months. (40) Although similar to our study with its focus on daily weighing, the Weigh by Day intervention produced half the weight loss. While the study utilized innovated network connected scales, as in the present study, participants selfweighed approximately 3 days per week on average as compared to 6 days per week on average in our study. The main differences between these two studies include the modality and frequency of support (bi-weekly phone calls vs. weekly emails). It may be that the weekly feedback provided in our study, which emphasized and reinforced adherence to daily weighing, was important for increasing the rate of adherence. However, given the current study design, this cannot be experimentally determined. In our study, 79% of participants in our study weighed at least 6 days per week and 94% weighed at least 5 days per week during the 6-month intervention. Given this strong adherence, our findings may provide a better evaluation of the efficacy of a daily self-weighing intervention on weight loss. Similarly, more than half of participants maintained frequent weighing after the intervention was complete, although there was a significant decrease over time. Because no in-person assessment was conducted at 9 months, reasons for the change in self-weighing frequency between 6-9 months are not clear. We might hypothesize that this decrease may be due to participants opting not to self-weigh or a potential measurement issue (e.g., using a different location for self-weighing that did not allow for weights to be sent via the network, using a different scale) as technical support ceased at 6 months. More research is necessary, however, evaluating how to improve adherence rates post treatment.
Almost half of the participants in the WEIGH intervention group achieved the 5% weight loss threshold that is associated with positive changes in risk factors for chronic disease. The percent that achieved 5% is comparable to larger gold-standard clinical trials, (8, 9) and the average weight losses achieved are similar to more intensive interventions that included online counseling and detailed self-monitoring. (29, 38) However, the main difference is that our study was able to achieve these levels with no regular face-to-face interaction, only group tailored feedback via email, and no requirement for detailed self-monitoring of diet and physical activity behaviors. This approach, with its focus on self-regulation via daily weighing, may be more easily disseminated than higher intensity interventions.
Because the study did not isolate the effect of daily weighing, it is not possible to determine the direct impact of this behavior on weight loss. Our goal, however, was not to isolate daily weighing but to test it within the context of a low intensity intervention that included elements believed to be necessary for effectiveness. It was important that participants received the appropriate skills training and feedback to be able to learn the process of selfregulation using the scale to guide their choices. Previous studies found little or no effects for daily weighing in the absence of feedback or skills trailing on how to utilize the scale as a tool for self-regulation. (24, 37) These findings suggest that feedback around daily weighing is necessary for this strategy to be most effective and the results achieved in this study are likely a result of daily weighing in combination with the other components. Future studies using dismantling designs could be conducted to determine whether individuals can benefit from daily self-weighing alone, independent of feedback or skills training.
The use of a randomized-controlled design allowed us to examine the impact of a multicomponent intervention that included daily weighing on weight loss among individuals who were instructed to daily weigh. Previous analyses examined the impact of this behavior within a multi-component weight loss intervention post hoc, which potentially introduces selection bias. The strong retention rate, inclusion of blinded evaluation staff, and use of intent-to-treat analyses strengthens our understanding of the effectiveness and feasibility of the intervention. Our study sample was highly educated and included only 25% minority and males, which limits generalizability of the results to other populations. Additional studies are necessary looking at more diverse samples, including those in various socioeconomic positions. Although we assessed weight loss maintenance at 3-months post intervention and found promising results for continued weight loss, future studies should examine whether these effects would be maintained over the long term.
Conclusion
Given the large percentage of Americans that are overweight or obese, there is a need to test the efficacy of weight loss interventions with high potential for sustainability and dissemination. This is important as a recent report from the U.S. Preventive Services Task Force indicates that lower-intensity interventions with limited face-to-face contact are not as effective as more intensive interventions. (39) In contrast to those findings, we found that an approach that included daily self-weighing along with a weekly email that included tailored feedback and skills training can be effective for producing clinically meaningful weight loss. Our results indicate that daily self-weighing can be an effective self-monitoring strategy that warrants inclusion in weight loss interventions. Table 1 Baseline demographic data by study group. 
